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SUMMARY 


This report provides individual wing panel aero- 
dynamic characteristics (specifically, normal force coef- 
ficient and center of pressure location) for rectangular 
wings of three different aspect ratios (0.25, 0.75 and 1.00 
each panel) . Results are presented in the form of data 
plots at Mach numbers of 1.5 and 2.0 for angles of attack 
from 0 to 23 degrees and, for the most part, at aerodynamic 
roll orientations of 0 and 45 degrees. The wing with an 
aspect ratio of 1,00 is the same wing used in the flow 
field studies which are discussed in Part II of this report 
series . 


INTRODUCTION 


Knowledge of individual missile wing panel loads as a function 
of Mach number, angle of attack, and aerodynamic roll orientation is re- 
quired by the theoretician in the development and verification of computa- 
tional approaches to the definition of various aerodynamic flow, phenomena. 
For example, wing loads, preferably experimental values, are required to 
formulate the effect of the wing downwash field on the lift of tail surfaces 
and on a certain portion of the missile body downstream of the wing trailing 
edges . 

The purpose of this Part IV report is to provide wing normal force 
coefficients and center of pressure locations in the form of plots of ex- 
perimental data for wing panels of aspect ratios 0.25, 0.75, and 1.0 (each 
panel) at Mach numbers of 1.5 and 2.0 for angles of attack to 23 degrees. 
These panels were chosen as a representative variation in one generic set 
of wing planform designs. 

This report is the fourth in a four-part series published under 
the general title: 

"Bumblebee Program - Aerodynamic Data". 

Part I discusses the purpose of this effort and how the information 
in the other three reports is related. 

Part II presents data at M = 2.0 which define the flow field around 
a concial -nosed, cylindrical missile body in a crossflow plane corresponding 
to a likely tail location. 

Part III presents the Mach number effect (M = 1.5 and 2.0) on 
pressure fields only since complete flow field data are available in the 
Bumblebee Program at M = 2.0 only. This comparison is at a missile body 
station where a wing leading edge is likely to be located. 
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NOMENCLATURE 


n n n 

N’ N,p’ N,w 

single panel normal force coefficient perpen- 
dicular to hub centerline in a plane perpen- 
dicular to body centerline 

N 

w 

qS 
H w 

N 

w 

single panel normal force 

(pounds) 

S 

w 

area of one exposed wing panel 

(sq.in.) 

q 

free stream dynamic pressure 

(psi) 

X , X 
cp’ cp,w 

wing panel chordwise center of pressure 
from root leading edge 

(7» chord) 

y cp 

wing panel spanwise center of pressure 
from root chord 

(% single 
panel span) 

y cp,w 

wing panel spanwise center of pressure^ 
from body centerline' 

(% panel span 
from body 
centerline) 

“» a c 

angle of attack corrected for support 
deflection in vertical plane of the tunnel 
referred to tunnel centerline; nose up is 
positive 

(degrees) 

0 

body roll attitude; positive is clockwise 
looking upstream (0=0 when wings are 
horizontal and vertical) 

(degrees) 


The following coefficients are included in several data plots but will not be 
discussed in this report. 



individual wing panel hinge moment coefficient 


Cg rolling-moment coefficient with respect to body 

longitudinal axis from Stability and Control tests 


Applies for B,_W^ 
to convert to y 

cp 


data at M = 2.0 only. The following expression can be used 
(percent of single panel span) . 


CPjW 


25.5 


cp 


0.745 


3 




rolling-moment coefficient with respect to body 
longitudinal axis, computed from instrumented 
wing panel data of wing hinge-moment tests. 


For following definitions see Model Configuration Sketch (Fig, 1) . Left 

and Right denote the number © and © panels, respectively. 

i wing deflection (incidence) on panels (degrees) 

w 

(5) and ( 4 ) with respect to body axis; 
leading edge up is positive 

i' wing deflection (incidence) on panels (degrees) 

w 

® and © with respect to body axis; 
leading edge right is positive 

i /i 1 =0/-, for example, denotes a planar configuration wxth panels (l) and (© 
w w removed . 
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DISCUSSION 


This Part IV report provides inidvidual wing panel aerodynamic 
characteristics (specifically normal force coefficient and center of pressure 
location) for rectangular wing panels with aspect ratios of 0.25, 0.75, and 
1.0 (each panel) at Mach numbers of 1.5 atid 2.0 for angles of attack to 23 
degrees. The location of the wing leading edge is at the same mid-body 
station where the pressure fields at M = 1.5 and 2.0 are defined in Part III. 
Also, one of the wings (W^) included herein is the same as the one used in 
the complete flow field study (Part II) to determine the effect of wing down- 
wash at a body station corresponding to a likely tail location. The location 
of these survey stations relative to the wing location is given by the model 
sketch in Fig. 1. 

Source of Data 

The normal force coefficients, and the chordwise and spanwise center 
of pressure locations are given in Appendix A in the form of data plots . These 
plots were reproduced from several reports of wind tunnel tests conducted as 
part of the overall Bumblebee Generalized Missile Study (GMS) .* Some portions 
of these plots have been bLanked out and other information added for clarity. 

Sketchs of the wing planform are given in Fig. 1. 

General Comments 

Some notes concerning the plotted data of Appendix A follow. 

• Actual wind tunnel data were plotted. No zero shifts were made. 

• Data for wing deflections of 10° and 20° are exemplified for 
at M = 2.0 only. 

• Center-of-pressure data are questionable at low a due to hinge 
moment balance accuracy. 


The Ordnance Aerophysics Laboratory (OAL) wind tunnel tests from which the 
wing panel data were obtained are: OAL Reports 289-4, -11, -12, -25, -26, 

"Investigation of Induced Roll and Longitudinal Stability Characteristics of 
a Generalized Missile Model at Mach Numbers of 1.5 and 2.0," 25 April, 5 and 
6 August 1955. 
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• Spanwise center of pressure for the low aspect ratio wing (W.^) 
is erratic at all values of a and M, probably because of the 
large percentage of the wing area that is immersed in the non- 
uniform flow field near the body surface. 

• The planar configuration (two panels) is obtained by removing 
the number 1 and 3 panels (see Fig, 1) . 

• It should be noted that data for the B,_W^ configurations at M = 2.0 
were plotted in a different format compared to the rest of the 
data. Included in these plots are wing hinge moment coefficient 
and rolling moment coefficient. Neither of these coefficients 
will be considered in this Wing Loads report (see Nomenclature). 


Examples 

Hie data plotted in Figs. 2 and 3 exemplify how the data of 
Appendix A can be used. 


Shown in Fig. 2 is the Mach number effect on the normal force 

coefficient for the largest of the wing panels (W^) at a zero degree roll 

angle (see Fig. 1). It should be remembered that the reference area for 

C„ is the single panel planform area. 

N,p 

The effect of wing panel aspect ratio (or panel span in this case) 
is shown in Fig. 3 for M = 2.0. 


Another comparison that could be made but has not been shown is a 
planar versus a cruciform wing (W^) at both Mach numbers which would give 
wing-wing interference effects . 

The effect of aerodynamic roll orientation on wing panel character- 
istics is also included in the data plots of Appendix A. 

CONCLUDING REMARKS 

In summary, this report provides data plots that define the normal 
force coefficients and center of pressure locations for rectangular missile 
wings of three different aspect ratios at Mach numbers of 1.5 and 2.0. These 
plots will enable one to verify the theoretical methods over a range of aspect 
ratios which are commonly used in missile applications. 
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APPENDIX - A 


PLOTS OF WING NORMAL FORCE 
COEFFICIENT AND CENTER: OF PRESSURE' 


Data plots are presented in the following order: 


M = 1.5 


C ; x ; y vs. a - Left and Right Panels 
N,p cp cp 


B 5 W 4 

B 5 W 4 

B5W4 

B 5 W 4 

B 5 W 25 

B 5 W 30 


planar -0=0, 45 
planar -0=0, 15, 30, 45 
cruciform - 0=0, 45 
cruciform -0=0, 15, 30, 
cruciform -0=0, 45 
cruciform -0=0, 45 


45 


M = 2.0 


C„ : x ; y vs . a Left and Right Panels 
N,w cp,w cp,w c 


B_W. - planar - 0 = 0, 45 
5 4 7 

B C W. - cruciform - 0 = 0, 45 
5 4 ’ 


(Effect of wing deflection is shown on above 
B(.W^ plots .) 

C„ ; x vs . a - Left and Right Panels 
N,w cp,w c 

B^W^ - planar and cruciform - 0 = 15, 30, -60, -85 


^jp; x 


cp 


B 5 W 25 

B 5 W 30 


y c p vs . a - Left and Right Panels 

- cruciform - 0 = 0,45 

- cruciform - 0 = 0, 45 
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